Objective: To determine whether the daily pattern of urine excretion of N wastes is affected by obesity and very low-calorie diets (VLCD). Design: The plasma amino acid, urea and other energy parameters, as well as the urinary excretion of total nitrogen, urea and creatinine were studied in obese and normal-weight women. The obese women's data were obtained under hospital basal controlled conditions (8.1 MJaday) and after 3 days of VLCD diet (1.9 MJaday) controls were studied only once (5.8 MJaday). The hourly excretion patterns of total N, urea and creatinine were determined from the composition of each bladder voiding. Subjects: Twenty morbidly obese and 10 age-matched normal-weight control women. Results: Plasma amino acid levels were higher in obese women, which showed a limited ability to metabolize amino acid hydrocarbon skeletons. Neither differences in the patterns between groups nor total 24 h values for urine volume were found. Total N and urea excretion diminished under VLCD diet. Hourly creatinine excretion showed a¯at pattern and was higher in obese women than in the controls, VLCD diet diminished the amount of creatinine excreted in 24 h. Conclusions: The early change in energy availability that the creatinine excretion ®gures re¯ect may result from the energy conservation mechanisms induced in response to energy restriction. The early onset of this effect (3 days, and the extent of decrease ( $ 19%) also suggest that the impact of VLCD on the muscle energy budget of the obese is more marked than usually assumed. Sponsorship: Grants FIS-94a0034, BIO98-0316 and 2FD97-0233 of the Government of Spain.
Introduction
Nitrogen homeostasis depends both on dietary energy and amino acid availability. Amino acids are used to maintain protein turnover, which is probably the metabolic pathway consuming a larger share of the energy available for maintenance (Waterlow, 1984) . Protein synthesis requires the availability, in all cells, of all amino acids in the adequate proportions, a complex task partially accomplished by transport through the bloodstream. A decrease in energy availability results in the growing utilization of a larger share of dietary Ð and body Ð protein for gluconeogenesis and energy (Felig, 1975) , increasing the pace of the urea cycle and other amino acid catabolic pathways (Felig et al, 1969) and slowing of protein turnover (Li et al, 1979) .
Prolonged starvation or semi-starvation was used in the 1950s and 60s to treat severe or morbid obesity (Rooth & Carlstrom, 1970) , with irregular results, since the loss of body protein,¯uids and minerals (Kreitzman, 1992) converted therapeutic fasting into a life-threatening procedure (Dyer, 1994) . Later, the extensive use of very low-calorie diets (VLCD), which theoretically supplied enough protein to cover the obligatory N losses (Howard, 1989) , was also found to affect protein turnover in key organs (Brown et al, 1978; Lantigua et al, 1980) . Therefore, the biological quality of the protein in these diets was increased and closely controlled (Pasquali et al, 1987) . Effective amino acid availability remains the key issue in prolonged hypocaloric dieting for the treatment of overweight and obesity (Oi et al, 1987) , although most VLCD are hyperproteic. The maintenance of glucose availability at the expense of protein (Felig et al, 1969; Reid & Rasio, 1982) in hypocaloric dieting has prompted the inclusion of variable but signi®cant proportions of carbohydrate in current hypocaloric diets (Rosen et al, 1982) However, despite improved protein quality and the protective effect of carbohydrate, hypocaloric diets lead to a loss of protein in conjunction with a reduction of energy availability (Wilson & Lamberts, 1979; Karmann et al, 1994) .
The objective of this study was to determine the lability of nitrogen-preservation mechanisms of the obese to the metabolic challenge of abruptly diminishing energy availability through exposure to a high protein VLCD. Since most of dietary protein is oxidized following meals, the study was devised to ®nd out whether the nitrogen excretion pattern was also altered, in order to gain information on the effects of morbid obesity and hypocaloric adaptation on the overall nitrogen handling.
Methods

Subjects and study protocol
Morbid obese women were recruited from those attending the Eating Disorders Unit of the`Germans Trias i Pujol' Hospital, Badalona (n 20) before bariatric surgery. They were a homogeneous group age 30.0 AE 2.1 y, weight 138 AE 6 kg, height 160 AE 1 cm and BMI 52.6 AE 1.9 kgam 2 . The control group consisted of highly motivated and collaborative researchers and laboratory staff of the Biochemistry Department at the Faculty of Biology. This group (n 10) was matched for age with the obese patients age 30.5 AE 1.3 y, weight 54 AE 2 kg, height 164 AE 2 cm and BMI 19.9 AE 0.7 kgam 2 . All subjects were free of infectious diseases when the study was carried out, and were neither receiving anti-in¯ammatory medication nor hormonal treatments. Patients and controls were requested to maintain their normal eating habits in the four days prior to the study.
The study protocol was authorized by the Ethics Committee of the hospital and each subject included in the study gave a voluntary, fully-informed, consent.
The control women maintained their daily work, rest and meals schedule. The day of the study, overnight fast blood samples were taken at 8 00 ± 9 00 am for biochemical analyses. Urine was collected from 7 to 21 h in cartons, one for each micturition, labelled with the hour of emission and immediately stored at 4 C until processing. Their food intake was analyzed after detailed recollection of the type and amount of food ingested during the last 48 h, using the Nutridiet (J Soldevila, Barcelona, Spain) computer program. The mean energy intake of the previous day and that of the study was 5.8 AE 0.6 MJaday (21% of its energy as protein, 43% as carbohydrate and 36% as lipid).
Obese women were subjected to the hospital schedules for meals and resting, and were restricted to their rooms and environs, with little exercise. These women received a diet of 8.1 AE 0.6 MJaday (15% of its energy as protein, 40% as carbohydrate and 45% as lipid) for three days before the study. On the ®rst day (basal values) of the study, overnight fast blood samples were taken at 8 00 ± 10 00 am for biochemical analyses. Urine was collected from 7 to 7 hours in cartons, as for the controls. Thereafter, the patients were subjected to 3 days of VLCD (Modifast, Sandoz, Basel, Switzerland). The diet energy content was 1.9 MJaday (44% of its energy as protein, 43% as carbohydrate and 13% as lipid). Three days later, the extraction of samples and collection of urine (second day, Modifast values) was repeated. According to these values, control women ingested about 73 g (ie 11.6 g N) of protein, the obese 72 g (ie 11.5 g N) and the obese under Modifast 52 g (ie 8.3 g N).
Analytical methods and calculations Blood plasma was used for the measurement of glucose (315-100 Glucose Trinder, Sigma, St Louis MO, USA), 3-hydroxybutyrate (310UV kit, Sigma), and triacylglycerols (kit 11528 from BioSystems, Barcelona, Spain). Total protein, urea and uric acid, as well as alanine and aspartate transaminases activity, were measured using a drychemistry strip auto analyser (Spotchem, Menarini, Firenze, Italy) and Spotchem 24617 and 24618 strips. Individual amino acids were determined with an ALPHA-PLUS (Pharmacia, Uppsala, Sweden) amino acid analyzer and a standard ninhydrin method. Total amino acids were calculated as the sum of individual amino acids.
After all urine cartons had been collected, the volume of each urine sample was measured and recorded, and 10 ml samples were kept frozen until further processed. These samples were used for the measurement of urea (Fawcett & Scott, 1960) , creatinine (creatinine kit, from Sigma) and total nitrogen using the Carlo Erba (Milano, Italy) model NA-1500 elemental analyzer. The amounts of these components in each batch of urine excreted, and the hourly rates of excretion were calculated by assuming a uniform distribution of these amounts over the time elapsed between two consecutive micturitions. The introduction of these data in a spreadsheet allowed the determination of the estimated volume of urine produced and total N, urea and creatinine content of this urine for each day hour (ie 25 hours, from 7 to 7 hours the following day). Both the hourly data and total 24 h computed results were then used for the estimation of the excretion patterns and total production of nitrogen wastes.
Urea clearance U c (mlaminute) was calculated from the mean urine c u and plasma c p concentrations according to the formula
Short-term effect of a hypocaloric diet R Vila Á et al where V u is the 24 h urine volume (in ml) and 1440 the number of minutes in one day.
Differences in mean ( AE s.e.m.) values between groups were assessed by unpaired Student's t-test and ANOVA programmes. Table 1 shows the plasma parameters of controls and morbid obese women before and after short-term exposition to Modifast VLCD. There were no differences in glucose, lactate, total protein or total amino acids, but the obese women showed increased levels of triacylglycerols, 3-hydroxybutyrate, uric acid and alanine transaminase, and lower urea. There were no signi®cant differences between basal and Modifast data.
Results
The plasma aminograms corresponding to the control, obese basal and obese Modifast VLCD groups are shown in Table 2 . There was a considerable global difference between groups (ANOVA, P 0.001), the differences between groups ( post-hoc Duncan test) were controls vs obese basal P`0.05, controls vs obese Modifast P`0.05, obese basal vs Modifast NS. There were no signi®cant differences in individual amino acids between obese basal and obese Modifast. Obese basal women showed decreased leucine and increased aspartate asparagine and especially, glutamate glutamine levels. After Modifast dieting, most differences versus controls disappeared, leaving only that of glutamate glutamine. No individual amino acid differences were observed between the two obese dietary series of data. The essentialanon-essential quotient of amino acids (including Tyr in the essential) was 0.803 AE 0.046 (control), 0.620 AE 0.045 (obese basal) and 0.660 AE 0.055 (obese Modifast). Figure 1 presents the means of urine hourly emission in the three series studied. There were no differences between the groups of data (ANOVA, P 0.549), and the values were fairly constant during the day (ANOVA, P 0.877).
The lowest values corresponded to the morning and the highest to late in the afternoon.
The total N excretion patterns are shown in Figure 2 . Control women excreted more nitrogen during the day, with peaks localized after the morning, noon and evening meals, the differences between groups were signi®cant (ANOVA, P 0.000), but were unaffected by time (ANOVA, P 0.108), differences ( post-hoc Duncan test) between groups controls vs obese basal NS, controls vs obese Modifast P`0.05, obese basal vs, Modifast P`0.05. Obese women showed a basal pattern in which the lowest N excretion was found in the morning, there was a single maximum in the evening and the night excretion values were higher than those of controls. Modifast diet reduced the N excretion to values lower than the basal, but the overall pattern was similar.
The urea excretion pattern (Figure 3 ) in controls followed a similar pattern than total N, with a marked peak Short-term effect of a hypocaloric diet R Vila Á et al between 15 and 17 h and a smaller one between 20 ± 22 h, just after the main meals, and the lowest values at night and mid-morning, the differences between groups were signi®-cant (ANOVA, P 0.000), but were unaffected by time (ANOVA, P 0.433), differences ( post-hoc Duncan test) between groups controls vs obese basal P`0.05, controls vs obese Modifast P`0.05, obese basal vs Modifast P`0.05. The obese under basal conditions showed a wide peak in the afternoon ± evening, with the lowest values during the morning and higher night urea emission than the controls. Under the Modifast diet, the pattern of urea excretion was practically¯at. The 24 h mean clearance for urea was 77 AE 12 mlamin for controls, 119 AE 15 mlamin for obese basal and 125 AE 20 mlamin for obese under Modifast.
Creatinine excretion (Figure 4) showed a fairly¯at pattern in controls, with lower values than those of the obese women (ANOVA, P 0.000), on these patterns there was no effect of time (ANOVA, P 0.993), differences ( post-hoc Duncan test) between groups controls vs obese basal P`0.05, controls vs obese Modifast P`0.05, obese basal vs Modifast P`0.05. The uniformity of creatinine excretion was also observed in obese women, despite wide variations in the individual data, creatinine excretion was Short-term effect of a hypocaloric diet R Vila Á et al higher under basal than under Modifast diet conditions (NS). Table 3 shows the 24 h urine N excretion computed values. The volume of urine was very similar for both groups and was not affected by diet type. There were no differences in urine N or in urea excretion. However, the 24 h creatinine excretion was different between control and obese women, the amount of creatinine eliminated in the urine of obese women under Modifast was lower (but the differences were not signi®cant) than under basal conditions. Total urinary N excretion was made up essentially of urea and creatinine, which accounted for 102% of total N in controls. 94% in obese basal and 98% in obese Modifast. The protein-equivalence of the N excreted in 24 h was in the range of 68 g for controls, 65 g for the obese-basal and 59 g for the obese-Modifast, which indicates that the nitrogen balance for controls and obese-basal women had to be positive, and negative for Modifast dieters.
Discussion
This study provides two sequential levels of comparison. First, between controls and obese women, both under basal conditions, and second, within the obese group, to ascertain the possible effects of a few days with VLCD. Thus, we were able to compare age-and height-matched lean and severely obese women in fairly uniform conditions. This allowed detection of changes in the N and amino acid homeostasis indicators which are not often as clear (Proenza et al, 1998) .
On the whole, the metabolic environment data of obese women agree with the literature (Kopelman, 1994) . Transaminases increased in the obese, probably as a result of steatosis-damage to the liver, which is very frequent in the morbid obese (Nanji et al, 1986) .
The circulating levels of urea were lower in obese women than in the controls, which can be the result from higher clearance rates, since the total amount of urea released in 24 h was similar for both groups. The urea excretion graph re¯ected the feeding pattern, but Ð in general Ð the lowest emission of urea corresponded to early morning, the differences in excretion rates being more marked in controls than in the obese.
The amino acid pattern of the obese women was different from that of controls in several ways. Obese women tended to have higher levels of amino acids, mainly owing to much increased levels of glutamate glutamine and other non-essential amino acids. This amino acid buildup is consistent with a limited amino acid utilization for gluconeogenesis or energy maintenance (Exton, 1972) . The unchanged glucose, alanine and lactate levels suggest, however, that the need to use amino acids as gluconeogenic substrates is not different in lean and obese women. The wide availability of other energy substrates in the plasma of obese women (ie triacylglycerols) suggest that energy availability is not critical, which agrees with a limited use of amino acids for energy. The imbalance between urea cycle amino acids observed in obese women suggests that urea synthesis is hampered too, the ratio of Orn Cit versus Arg levels was 1.00 AE 0.08 in controls, 1.78 AE 0.15 in obese-basal and 1.69 AE 0.16 in obese-Modifast, the differences being signi®cant between both obese groups and controls. The accumulation of glutamate, glutamine and aspartate may thus result from limited entry of amino nitrogen to the urea cycle for disposal in the obese. This is further compounded in the VLCD-treated women, since the negative nitrogen balance further boosts the conservation of amino nitrogen through inhibition of the urea cycle (Lowell & Goodman, 1987) . Nevertheless, and despite urea synthesis being altered in the obese, the amount of urea released was similar to that of the controls and closely related to the total N intake and excretion.
The amino acid availability and disposal in obese women were similar to those observed in animal obesity models, in which the wide availability of energy limited the oxidation of amino acids, often boosting protein deposition (Estornell et al, 1995) . The insulin resistance of obese women (Meylan et al, 1987) may also affect amino acid utilization, since insulin limits protein degradation and amino acid oxidation (Gelfand & Barrett, 1987) , high insulinaemia limits the urea cycle, thus providing more amino acids for synthetic purposes (Gelfand & Barrett, 1987) . The lack of increase in urinary N losses, lower than protein-N ingested, found in controls and obese women is consistent with these observations
The data on creatinine excretion were unexpected. Creatinine is formed by the spontaneous non-ezymatic breakdown of creatine phosphate, a phosphagen mainly found in muscle the amount of creatinine excreted is, thus, used as an indirect measure of creatine phosphate stores, and, as a widely accepted correlate of muscle and lean body mass (Salazar & Corcoran, 1988) . The markedly¯at pattern of excretion of creatinine agrees with this origin interpretation. Obese women excreted more creatinine in 24 h than the lean controls. The differences in creatinine excretion observed in both obese diet successive periods could neither be due to changes in lean body mass nor in muscle mass, they could not change signi®cantly in only three days of VLCD, or possibly not as much as creatinine excretion did. Thus, the differences could be only The values are the meanAE s.e.m. of 10 (controls), 20 (obese basal) and 19 (obese Modifast) women. Statistically signi®cant differences (Student's t-test) between groups *P`0.05 vs controls.
Short-term effect of a hypocaloric diet R Vila Á et al attributable to a diminished creatine phosphate pool in the VLCD-treated women. Decreased phosphagen stores can affect muscle activity, and be related to the early onset of fatigue and decreased capability of exercise observed in the severely obese (Salvadori et al, 1991) . In any case, the data show that creatinine excretion may be rapidly in¯uenced by the overall energy availability, and as a result, may no longer be considered as an unalterable correlate of lean body mass to which the urinary excretion of other materials can be referred. The early change in energy availability re¯ected by the creatinine excretion ®gures may result from the energy conservation schemes which take place under severe energy restriction, such as that encountered under starvation (Moldawer et al, 1981) or VLCD-feeding (Hoffer & Forse, 1990; Vazquez & Adibi, 1992) . The early onset of this effect, and the extent of decrease ( $ 19%) also suggest that the effects of VLCD on the energy budget of the obese are more marked than usually assumed.
